Purpose: Integrating oral health care into primary care has been promoted as a strategy to increase delivery of preventive oral health services (POHS) to young children, particularly in rural areas where few dentists practice. Using a multistate sample of Medicaid claims, we examined a child's odds of receiving POHS in a medical office by county rurality. We used 2012We used -2014 Medicaid Analytic extract claims data for 6,275,456 children younger than 6 years in 39 states that allowed Medicaid payment for POHS in medical offices. We used county-level characteristics from the Area Health Resources Files, including a 3-level measure of county rurality. We used logistic regression to estimate a child's odds of receiving POHS in a medical office by county rurality, while controlling for other patient and county characteristics.
dental caries in young children. 3 Dentists are the traditional provider of POHS, yet rates of dental visits are low for young children, 4 and even lower for Medicaidenrolled children who all have dental benefits. 5 Primary care providers can be trained to apply fluoride varnish in medical offices 6 with high levels of parental satisfaction. 7 Integration of POHS into medical offices can help increase access to care because infants and toddlers are more likely to visit physicians than dentists, 8 at least in part because of recommended well-child medical visits at 9, 12, 15, 18, and 23 months and 3, 4, and 5 years of age. 9 The number of state Medicaid agencies supporting the delivery of POHS in medical offices has increased from 12 states in 2007 to all 50 states and the District of Columbia in 2018. 10, 11 Evidence from state Medicaid programs indicates that delivery of POHS in medical offices increases utilization [12] [13] [14] [15] and reduces dental caries 16 and caries-related treatments 17, 18 in young children. Studies from North Carolina suggest children who received POHS in medical offices 4 or more times before 3 years of age had less tooth decay than children not receiving POHS. 3, 18 National studies have found that 4 years after enacting a Medicaid POHS policy, states have higher rates of oral health services provided by nondentists, and children's oral health is better than that of children in states with policies implemented for shorter periods of time. 10, 19 Delivery of POHS in medical offices may be particularly important in rural areas because of its potential to address barriers to rural children's dental care. These include having less access to dentists, 20 which is exacerbated because many general dentists are reluctant to treat young children. 21, 22 With few pediatric dentists practicing in rural areas, 23, 24 children in rural areas often have to travel far for a dental visit. [25] [26] [27] An additional challenge to obtaining dental care for children living in rural areas, who are more likely to live in poverty and have public insurance compared to children living in urban areas, 28 is the reluctance of many dentists to accept Medicaid. [29] [30] [31] [32] Unsurprisingly, rates of annual preventive dental visits for children 1 to 5 years of age are lower in large rural areas (48.3%) compared with small rural areas (52.9%) and urban areas (55.3%). 4 There is a paucity of information regarding the impact of integrating POHS in medical offices in rural areas, despite the importance of understanding how such integration may increase receipt of POHS. To our knowledge, only a single state study has examined rates of POHS in medical offices by rurality. Using 2002-2006 data to examine how a 2004 Wisconsin Medicaid policy allowing medical care providers to be paid for fluoride varnish influenced rates of fluoride varnish applications among 1-to 6-year-old children enrolled in Wisconsin Medicaid, 12 authors found fluoride varnish applications were higher in rural counties than micropolitan and metropolitan counties and higher in counties classified as a full dental health professional shortage area (HPSA) as compared with not a full dental HPSA. A more recent article described the successful implementation of a quality improvement project to start applying fluoride varnish in a single rural pediatric practice in Vermont. 33 We are unaware of any multistate studies examining the delivery of POHS in medical offices in rural areas.
To address this gap in the literature, we used a multistate sample of Medicaid claims for young children eligible to receive POHS in medical offices to examine receipt of POHS in medical offices and dental offices by county rurality. Additionally, we evaluated a child's odds of receiving POHS in a medical office by county rurality, while controlling for other patient and county characteristics.
Methods

Sample
To examine use of POHS in medical offices, we used 2012-2014 Medicaid Analytic eXtract (MAX) claims data. As of July 2018, MAX data were available for 45 states in 2012, 25 states in 2013, and 15 states in 2014. We used data from the most recent year available for each state in order to report the most current information; therefore, the study period was defined as the last calendar year of data available in each state. Our sample was limited to children younger than 6 years of age during the study period who ever received POHS in medical offices and a sample of children who never received POHS in medical offices, weighted to be representative of all children in each state in each year. We examined services received by children in the 39 states that provided Medicaid payment for POHS in medical offices during the study period (year of data used for each state is listed in Table A1 , available online only). Additionally, we excluded children enrolled in Medicaid for less than 6 months in the 1-year study period for their state (n = 1,076,686) and those for whom the data were missing county of residence or sex (n = 99,582).
Variables
We identified children receiving POHS in medical offices using Current Procedural Terminology (CPT) and Current Dental Terminology (CDT) codes for POHS (listed in Table A2 , available online only), which were primarily codes for application of fluoride and oral evaluation. Procedure codes used for POHS in medical offices in each state Medicaid program were obtained from the American Academy of Pediatrics 11 and when necessary supplemented with information from state Medicaid agency HPSA, health professional shortage area; SD, standard deviation. a The sample includes all children from 39 states who were aged <6 years with at least 6 months of Medicaid eligibility during the 1-year study period.
The sample was weighted to reflect the sampling of children in each state and calendar year.
b P values were calculated using analysis of variance for continuous variables and the chi-squared test of independence for categorical variables. c County characteristics were obtained from the Area Health Resources Files based on the county of residence of each child during the study period payment schedules. Although most state Medicaid agencies reimburse only fluoride varnish applications, several states also pay for oral evaluation and counseling, which is why we broadly refer to these services as POHS.
Because some procedure codes are used by both dental and medical providers, we developed an algorithm to identify medical providers delivering POHS. To be identified as a medical provider delivering POHS, the provider The sample includes all children from 39 states who were aged <6 years with at least 6 months of Medicaid eligibility during the 1-year study period.
b P values were calculated using analysis of variance for continuous variables and the chi-squared test of independence for categorical variables.
had to have <10% of all their procedure codes for dental procedures (D0100-D9999) and <1% of all their procedure codes for dental treatment procedures (D0200-D9999). We then identified children receiving POHS in medical offices by first excluding claims with a type of service code of dental (09) and then including claims with procedure codes for POHS that had either:
r Type of service code of physician (08) or nurse practitioner services (37), or r A provider ID flagged as a medical provider delivering POHS based on our algorithm.
We identified POHS in dental offices during the 1-year study period based on presence of a claim with a POHS procedure code listed in Table A2 and not delivered by a medical provider, as defined using the aforementioned algorithm. Since POHS in medical offices are encouraged to be delivered during well-child medical visits, we also identified well-child visits using procedure codes for a new or established well-child visit (99381, 99382, 99383, 99391, 99392, 99393). The rate of well-child medical visits can be viewed as an upper bound for the percentage of children who could potentially receive POHS in medical offices.
Child characteristics, including enrollees' total months of Medicaid enrollment during the 1-year study period, age (0, 1, 2, 3, and 4-5 years), sex, race/ethnicity (nonHispanic white, non-Hispanic black, Hispanic, and other), as well as state and county of residence, were obtained from the MAX files. County-level characteristics were obtained from the Area Health Resources Files (AHRF) and merged to child-level claims using state, county, and year. County rurality was defined based on the 2013 RuralUrban Continuum Codes (RUCC), 34 and also categorized as metropolitan (metro) (RUCC: 1-3), nonmetro adjacent to metro (RUCC: 4, 6, and 8), and nonmetro not adjacent to metro (RUCC: 5, 7, and 9), consistent with prior studies. 35 Additional covariates included a dichotomous indicator of whether the county was considered a full or partial primary care HPSA or a dental HPSA, the unemployment rate, and the percentage of persons aged 0-17 living in poverty. Information on primary care and dental HPSAs was missing for 2014, so we applied information from 2013.
Analyses
Patient demographics, county characteristics, and health care utilization were summarized for all patients, overall, and stratified by county rurality. Health care utilization was summarized as the proportion of all children with at least 1 visit (ie, POHS in medical offices, POHS in dental offices, and well-child medical visits) during the 1-year study period as well as the total number of visits during the study period. All variables were summarized using weighted means and frequencies to account for the sampling of children in each state and calendar year. We examined rates of POHS in medical offices, POHS in dental offices, and well-child visits for each RUCC code.
Continuous variables were compared across county rurality using analysis of variance. Categorical variables were compared using the chi-squared test of independence.
A logistic regression model was fit to estimate the odds that a child received POHS in a medical office during the calendar year. The regression model included patient demographics, county characteristics, state fixed effects, and robust standard errors clustered at the county level. The regression model included weights to account for the sampling of children in each year. We used the results from this model to calculate adjusted predictions by county rurality. Using the entire estimation sample, we assigned each observation to 1 rurality category, leaving other covariates unchanged to generate for each child a predicted probability of receiving POHS in a medical office. We repeated this process for all 3 levels of county rurality and report the mean predicted probabilities for all 3 levels of county rurality. All analyses were conducted using SAS Enterprise Guide version 7.1 (SAS Institute Inc., Cary, NC) and approved by the corresponding author's Institutional Review Board.
Results
The mean age among children in the sample (n = 6,275,456) was 2.2 years, 51.2% were male, 37.6% were white, 22.3% were black, 80.7% resided in metro counties, and 76.0% of children had 12 months of Medicaid eligibility during the year (Table 1) .
Patient county-level characteristics varied greatly by county rurality (Table 1) . Children in metro counties were more likely to live in a primary care or dental HPSA. In addition, children in metro counties were less likely than children in nonmetro counties to live in counties in the highest quartile of poverty and unemployment rates. Table 2 illustrates children's receipt of well-child medical visits, POHS in medical offices, and POHS in dental offices by the 3-group measure of county rurality. Rates of well-child visits were higher in metro counties (60.0%), followed by nonmetro counties adjacent to metro counties (57.4%), and nonmetro counties not adjacent to metro counties (51.0%). Rates of POHS in medical offices were much lower, with the percentage of children receiving POHS in medical offices highest in metro counties (8.4%), followed by nonmetro counties adjacent to metro counties (5.8%), and nonmetro counties not adjacent to metro counties (4.3%). Unlike POHS in medical offices and well-child visits, the percentage of children receiving POHS in dental offices was relatively similar across nonmetro counties adjacent to metro counties (37.8%), metro (37.6%), and nonmetro counties not adjacent to metro counties (36.1%).
In the multivariate logistic regression model, we found that compared to children living in metro counties, children in nonmetro counties adjacent to metro counties (odds ratio [OR] = 0.70; 95% confidence interval [CI]: 0.59-0.82) and in nonmetro counties not adjacent to metro counties (OR = 0.79; 95% CI: 0.64-0.99) had significantly lower odds of receiving POHS in medical offices (Table 3) . When predicted probabilities were estimated using the results of the model, the average probability of receiving POHS in a medical office was 8.0% (95% CI: 7.5%-8.5%) for children in metro counties, 6.2% (95% CI: 5.4%-6.8%) for children in nonmetro counties adjacent to metro counties, and 6.8% (95% CI: 5.7%-7.8%) for children in nonmetro counties not adjacent to metro counties.
The odds of receiving POHS in medical offices also varied based on other county and patient characteristics. Children living in counties with the lowest quartile with respect to percentages of persons aged 0-17 years in poverty were less likely to receive POHS in medical offices than residents of other counties. Children aged <1 year were more likely to receive POHS in medical offices than older children. In addition, children who were Hispanic or other race were more likely to receive POHS in medical offices, compared with non-Hispanic white children. Furthermore, children with less than 12 months of Medicaid enrollment during the year were less likely to receive POHS in medical offices than children with a full 12 months of Medicaid enrollment. A sensitivity analysis was conducted to explore if results we observed for the measures of rurality were driven by differences in length of enrollment in Medicaid; however, the results of the analysis were consistent in magnitude and significance in a sample of children enrolled in Medicaid for 12 months during the study period (results available upon request).
Discussion
This study, the first to our knowledge to use an individual-level, multistate dataset to examine the rate of POHS in medical offices, found low rates among children in nonmetro counties. All children had low rates of POHS in dental offices, consistent with prior studies, 4, 10 with children living in the most rural areas (ie, not adjacent to metro counties) having the lowest rate of POHS in dental offices. Medicaid-enrolled children living in the most rural counties encounter barriers to dental care, including a limited dental workforce, 20 which is exacerbated for this subpopulation because many general dentists are reluctant to treat young children 21, 22 or accept Medicaid. [29] [30] [31] While substantial numbers of rural children received Medicaid-reimbursed POHS in medical offices, given that less than half of rural children receive 6,275,456 * P value <.05; HPSA = health professional shortage area. a Odds ratios were calculated using a weighted logistic regression model controlling for the listed categorical variables and robust standard errors clustered at the county level. b The sample includes all children from 39 states who were aged <6 years with at least 6 months of Medicaid eligibility during the 1-year study period.
any POHS services annually, continuing to increase the integration of oral health care into primary care provides an ongoing opportunity to increase delivery of POHS to young children in rural counties. [36] [37] [38] [39] Additional strategies to do so include using nontraditional settings to deliver POHS (eg, deliver care in Special Supplemental Nutrition Program for Women, Infants and Children [WIC] clinics), 40 providing Medicaid dental benefits to mothers until their children's fifth birthday, 37 and applying incentives and penalties for failing to meet utilization benchmarks to dental plans operating in states with Medicaid managed care. 37, 41 Annual rates of any medical visits with POHS (4.3%) and counts of medical visits with POHS (0.06 visits) for the most rural children were very low, which is troubling because prior research suggests that multiple applications of fluoride varnish are needed to reduce dental caries. 16, 18 Thus, there is ample opportunity to increase the number of children receiving these services, as demonstrated in Wisconsin. 12 Expanding the delivery of POHS in medical offices offers a convenient option to ensure children with high dental needs can obtain dental visits even in communities with limited dental workforces. For example, children at low risk of developing dental caries could receive POHS in medical offices, while higher-risk children could be referred to dentists-an approach recommended by the American Academy of Pediatrics. 42 However, enticing greater medical provider participation is critical to such an approach, and this may require education, training, and multiple efforts to improve oral health 43 as well as collaborations between medical providers and local dentists. 44 These efforts may also be useful in reducing the lag between policy implementation and effect on children's utilization 10 and oral health, 19 and future research should help to identify those strategies that may be most useful in reducing this lag in rural areas.
Integration of POHS into medical offices appears to benefit children living in the most impoverished counties. Children living in counties with 18% or more of children living in poverty had significantly greater odds of receiving POHS in medical offices than children living in counties with fewer children living in poverty, with a step-wise relationship between a child's odds of receiving POHS in medical offices and child poverty rates. Pediatricians who treat more than 40% of patients with public health insurance are more likely to report delivering POHS than pediatricians who treat fewer patients with public health insurance, 45 and impoverished counties are likely to have a greater percentage of Medicaid-enrolled children eligible for services. As most private insurers are now required to cover POHS in medical offices without cost sharing, 46 it is possible that there will be even greater growth in the percentage of medical providers delivering POHS.
Annual well-child visits are recommended for all children 6 years and younger, with more frequent visits recommended for children under 2.
9 Despite these recommendations, only 51% of children living in nonmetro counties not adjacent to metro counties had a well-child medical visit during the study period. Analysis of the National Survey of Children's Health also reported lower rates of preventive medical visits in rural areas. 4 Since POHS in medical offices often occurs during well-child visits, promoting well-child medical visits for rural children may be another effective strategy to increase rates of POHS delivered during medical visits. Strategies recommended for promoting medical visits in rural areas include improving surveillance, as an initial step to document disparities because few data sources allow assessment of rural/urban differences of child health and health care utilization; using nontraditional providers and settings, which may include expanded use of mobile vans and school clinics; and increasing the rural workforce through recruiting and expanding the scope of practice of mid level providers. 28, 47, 48 
Limitations
This study has several limitations. First, our definition of POHS in medical offices may potentially be an overestimate of this service in medical offices because medical and dental providers in some states use the same procedure codes for POHS, in which case we could have potentially misidentified services as POHS in medical offices when they were actually POHS in dental offices. We sought to address this by identifying POHS in medical offices using the type of service code and using an algorithm to identify providers unlikely to be dentists. Our approach led to similar estimates previously published of POHS in medical and dental offices for young Medicaid enrollees. 10 Second, our findings are limited to Medicaid-enrolled children in 39 states, and we do not know to what extent our findings would generalize to Medicaid populations in other states or to commercially insured populations, among whom POHS services may be increasing since most private insurers are now required to cover POHS in medical offices without cost sharing. 46 Finally, our data also provide no information about the quality of the POHS services provided, their effects on children's clinical outcomes, nor whether some parents declined POHS services offered for their child-all important topics for future research.
Conclusions
Despite these limitations, our results provide important new information regarding the small number of young Medicaid-enrolled children receiving POHS in medical offices in rural areas and throughout the United States. Among the 6.3 million children studied in 39 states providing Medicaid payment for POHS in medical offices, only 7.8% received POHS in a medical office during the study period, with a substantially lower rate for residents of the most remote counties (4.3%). Given that uptake of POHS in medical offices is low across many states and communities, the federal government, states, and communities should work together to implement strategies to increase the number of young children receiving POHS, including integrating oral health care into primary care.
